In this study of deaf college students' performance solving compare word problems, relational statements were either consistent or inconsistent with the arithmetic operation required for the solutions. The results support the consistency hypothesis Lewis and Mayer (1987) proposed based on research with hearing students. That is, deaf students were more likely to miscomprehend a relational statement and commit a reversal error when the required arithmetic operation was inconsistent with the statement's relational term (e.g., having to add when the relational term was less than). Also, the reversal error effect with inconsistent word problems was magnified when the relational statement was a marked term (e.g., a negative adjective such as less than) rather than an unmarked term (e.g., a positive adjective such as more than). Reading ability levels of deaf students influenced their performance in a number of ways. As predicted, there was a decrease in goalmonitoring errors, multiple errors, and the number of problems left blank as the reading levels of students increased. Contrary to expectations, higher reading skills did not affect the frequency of reversal errors.
As with most aspects of mathematical word problem solving, the difficulties deaf students experience with word problems involving relational statements appear to have both linguistic and experiential roots. Deaf students generally lack experience in the use of comparatives in such expressions as more than, less than, faster than, three times as many, or half the number of (see, for example, Serrano Pau, 1995; Zevenbergen, Hyde, & Power, in press ). In discussing the language learning of deaf children, McAnally, Rose, and Quigley (1994) write that "important structures such as either . . . or, neither . . . nor, if x . . . then y, more than, less than, and myriad others, simply will not occur frequently enough in natural language input for deaf children to understand them inductively" (p. 272). McAnally et al. explain that the concepts may not be more difficult for deaf children than for hearing children, but acquiring the English code for these concepts is very difficult "if natural language practices are relied on as the sole means of development" (p. 272). They suggest that natural and structured approaches should be combined to meet the language acquisition needs of deaf children.
Several studies of deaf students' performance with comparatives have been conducted. Serrano Pau (1995) examined the mathematics performance of 12 deaf Spanish children 8 to 12 years of age with three kinds of word problems: change, compare, and combine. The results suggest that reading comprehension level is directly related to their problem-solving abilities. Serrano Pau wrote that the deaf subjects "found it easier to solve problems in which the data, the unknown factor, and the conditions are presented in the same manner in which the operation is to be carried out" (p. 289). Zevenbergen et al. (in press ) examined the linguistic strategies used by deaf Australian students in solving arithmetic word problems, including the common trigger words more and less and their corresponding operations of addition and subtraction. Most of the students in their study were moderately or profoundly deaf and in grades 1-7. In problems with the binary oppositional terms of more and less, these authors found fewer students able to respond correctly to the item when less was used in a relational sense. Students appeared to misconstrue items using less in a number of different ways. In the comparative tasks ("Which number is 2 less than 3?"), some students perceived the use of less to connote subtraction. Most students saw the task as a comparative one requiring them to identify which number was the lesser in value, 2 or 3. They were misled by their narrow interpretation of the expression, less (i.e., the deaf students were probably taught oversimplified strategies such as that the words more and less mean comparative, or that less means to subtract and more means to add, that all problems that have the word less means subtraction, etc.). Zevenbergen et al. also explained that the signifier than seemed not to influence the deaf students' thinking because they did not understand the word or its role in the sentence. This may have resulted in the misinterpretation of the task.
Compare questions were also difficult (e.g., "John has 2 buckets. Eric has 6 buckets. How many more buckets than John does Eric have?"). Zevenbergen et al. (in press ) believe this was due to the structure of the last sentences in the problems, which required a comparison and a difference. This type of difficulty may be a result of not having experience with these problem types or this particular wording: "This format of these questions is quite different from those usually encountered within the mathematics classroom so the students used a range of strategies in attempting to answer the questions" (Zevenbergen et al.) . Students tended to interpret the task as asking which is the bigger or smaller quantity. Some students interpreted the more or less in the wording to signify addition or subtraction. In the buckets problem, answers tended to be "8 buckets" as the student saw the two numbers and the signifier more and applied an additive strategy. Still other students ignored some information in the final question and interpreted it to ask, "How many buckets does Eric have?" and would respond with an answer of 6. Zevenbergen et al. concluded that the difficulty of word problems vary depending on the syntax of the question and the arithmetic operation.
The difficulty deaf students have in solving mathematics problems, however, extends to many other dimensions of reading in general (Traxler, 2000) . Rudner (1978) described English language structures used in both written and verbal instructions for mathematics that cause special difficulty for deaf students. In addition to comparatives, those language structures identified include conditionals (if, when), negatives (not, without), inferentials (should, could, because, since), lowinformation pronouns (it, something), and lengthy passages (p. 33).
Deaf students have been found to sometimes focus more on words and ideas when reading texts rather than on understanding the overall context, including the relationships between the words and ideas (Banks, Gray, & Fyfe, 1990; Kelly, Albertini, & Shannon, 2001; Marschark, De Beni, Polazzo, & Cornoldi, 1993) . In discussing working memory in deaf students, Marschark, Lang, and Albertini (2002) write that such "itemspecific processing reduces both comprehension and memory for text and may be a major factor in deaf students showing poorer memory when reading than their hearing peers" (p. 122).
Several studies have shown that the language of a word problem alone is not necessarily a satisfactory explanation for deaf students' performance on mathematics word problems (Kelly & Mousley, 2001; Wood, Wood, Griffiths, & Howarth, 1986) . Wood et al. compared performance of deaf children in the United Kingdom on verbal and nonverbal problems, finding a mismatch between teachers' perceptions and students' performance on the verbal items, suggesting that teachers need to "reexamine their assumptions about the relationships between mathematics and language" (p. 164). Kelly and Mousley reported that deaf college students' problem-solving performance worsened on word problems when compared to their scores with similar mathematical problems presented in numeric or graphic format. Whereas reading ability level was associated with the deaf college students' performance with word problems, the analyses showed that other factors also contributed to their score decline on the word problems. These other factors included computation errors (rather than procedural errors), leaving word problems blank, and a negative, disengaged approach to the word problem-solving tasks.
As Marschark et al. (2002) summarized, deaf students may lack sufficient depth and breadth of knowl-edge or fail to "strategically apply [their] knowledge spontaneously" (p. 125). These authors also suggest that a likely explanation for many deaf students' lack of metacognitive skill, relative to hearing peers, is "that their teachers may take a more concrete and focused approach to problem solving, hoping that their students will have a clear understanding of a particular strategy" (p. 132). They state that allowing students to discover their own strategies and the relative utility of different approaches while discussing them with others is a much more time-consuming teaching technique. This point is supported further by Kelly, Lang, and Pagliaro (2003) , who found that a majority of mathematics teachers in both schools for the deaf and mainstream environments appear to emphasize drill and practice type problems over "true problem-solving" approaches. Furthermore, teachers tend to avoid teaching deaf students analytical strategies while focusing primarily on understanding the problem goal and pertinent problem information. Teachers in this survey did not give their deaf students complex mathematical word problems that required analysis and reasoning.
Prior Research With Hearing Students
In their study with 96 hearing college students, Lewis and Mayer (1987) described the distinctions between consistent and inconsistent problem types:
In consistent language problems the unknown variable is the subject of the second sentence, and the relational term in the second sentence (e.g., more than) is consistent with the necessary arithmetic operation (e.g., addition). On the other hand, in inconsistent language problems the unknown variable is the object of the second sentence, and the relational term (e.g., more than) conflicts with the necessary arithmetic operation (e.g., subtraction). (p. 363) A consistent subtraction problem, for example, required subtracting the second number from the first, and the problem specifically uses the term less. An inconsistent subtraction problem, in contrast, required subtracting the second number from the first, but the problem uses the term more. Similar problem type sets were set up for addition, multiplication, and division.
With respect to scoring procedures, Lewis and Mayer (1987) identified three error categories: reversal errors (REs), arithmetic errors (AEs), and goalmonitoring errors (GMEs). An RE was a representation error that occurred when a student incorrectly set up the problem using the inverse operation, for example, using subtraction in an addition problem. An AE resulted when an incorrect computation was observed, and a GME was scored when a step in the two-step compare problem was omitted. The 96 hearing college students in the Lewis and Mayer study generated 768 written solutions (96 solutions × 8 problem types) with 687 correct answers (89.4%), 53 REs (6.9%), 22 AEs (2.9%), and 6 GMEs (.8%). Their results showed that significantly more word problems were miscomprehended when the required arithmetic operation was inconsistent with the statement's relational wording. For example, when a relational term in an arithmetic word problem was more than and they were required to subtract to find the correct answer, the students had more difficulty than with word problems with relational statement wording consistent with the arithmetic function (see Method section for sample types of compare problems used in this study). Lewis and Mayer (1987) concluded from their study that in terms of problem representation, the students often come to a word problem-solving task with an established set of expectations for the order of information. The demands placed on the students' working memory may also be a factor in explaining their performance in translating relational sentences. These authors emphasize that the difficulty with inconsistent-language compare problems persists into the college years. Other research with hearing college students has also indicated great difficulty in representing relational statements as equations (Soloway, Lochhead, & Clement, 1981) .
Following the work of Lewis and Mayer (1987) , this research study focuses on one troublesome aspect of mathematical problem solving for students: the comprehension of relational statements in arithmetic compare word problems.
For this type of compare problem, Lewis and Mayer (1987) provided evidence to support their consistency hypothesis to explain why students have more difficulty solving problems with relational statements inconsistent with the arithmetic operation. Because consistent and inconsistent language problems require the same underlying solution procedure but produce different error rates, they contend that the locus of difficulty must primarily be in the comprehension phase and not the solution phase. Lewis and Mayer state "that problem solvers have a preference for the order in which problem information will be presented. This preferred format corresponds to the order of information presentation in consistent language problems but is in conflict with the order of information presentation in the inconsistent language problems" (p. 364). Thus, their consistency hypothesis predicts "that comprehension errors will be more likely to occur when the structure of the presented information does not correspond to the problem solver's preferred format" (pp. 364-365). Lewis and Mayer (1987) also showed that hearing college students are more likely to miscomprehend a relational statement in an inconsistent word problem and make a reversal error depending on the "lexical marker" of the statement. The explanation for this is based on Clark's (1969) principle of lexical marking. Clark argued that unmarked positive adjectives are stored in memory in a less complex form than that of their marked opposites. Thus, unmarked positive terms in relational statements should be theoretically easier to process and comprehend. In contrast, marked terms presuppose a position at the negative end of the scale and should be more complex and difficult to process. As a result, students trying to solve word compare problems with a marked negative term in the inconsistent relational statement (i.e., less, shorter, or younger in addition problems or 1/n as many in multiplication problems) should generate more REs. In contrast, students should find it easier to process and comprehend a word compare problem with an inconsistent relational statement containing an unmarked positive term (i.e., more, taller, or older in subtraction problems or n times as many in division problems) resulting in relatively fewer REs. (See the Method section and related table for examples of inconsistent problems that contain marked and unmarked lexical markers.)
This study differs from Lewis and Mayer (1987) in that the subjects are deaf college students in subbaccalaureate programs rather than hearing college students in baccalaureate programs. Also, this research extends the analysis by examining the effects of reading ability levels on deaf students' problem-solving performance for arithmetic compare problems.
Research Questions and Hypotheses
The three research questions for this study are as follows:
1. Is the consistency hypothesis for relational statements in compare arithmetic word problems operational for deaf college students?
2. Is the effect of reversal errors for inconsistent problems magnified for deaf college students when the lexical marker of the relational statement is a marked negative term as compared to an unmarked positive term?
3. Is the reading ability level of deaf college students a factor in the number of errors they make when solving consistent and inconsistent arithmetic compare word problems?
We predicted that deaf students would perform better with compare word problems that have relational statements consistent with the arithmetic operation, while performing less well with problems having relational statements inconsistent with the arithmetic operation. With regard to the effects of lexical markers in the relational statements of inconsistent problems, a second hypothesis predicted that both marked negative terms and unmarked positive terms might equally confuse deaf students and no differential effect would be observed in terms of their production of REs. In other words, the difficulty of comprehending a relational statement inconsistent with the arithmetic operation would be the dominant factor in the deaf students' understanding, and the nuance of lexical markers would not emerge as significant due to their general difficulties with English-language skills. Finally, we hypothesized that lower reading ability levels of deaf students would be associated with an increase in the number of all types of errors.
Method

Participants
The participating students were 80 deaf college students in subbaccalaureate programs enrolled in firstyear algebra courses at the National Technical Institute for the Deaf (NTID) at Rochester Institute of Technol-ogy (RIT) in Rochester, New York. These students were enrolled primarily in classes with other deaf students in technical programs at NTID, one of the colleges of RIT, and were predominantly pursuing associate degrees and certificates in technical career programs.
The students were recruited from nine course sections, and each was compensated $20 for participation. The natural enrollment patterns of these nine classes resulted in a distribution of deaf students with reading abilities that ranged from the 5.0 to 12.0 grade levels. For analysis purposes, the students were divided into four reading groups of approximately equal numbers ranging from low-to high-ability readers. Reading levels were determined by the California Achievement Test for Reading Comprehension (Tiegs & Clark, 1963) , administered within a year of this study. This version of the California test continues to be given to deaf students because it has no questions that contain auditory biases. A one-factor analysis of variance (ANOVA) was used to ascertain that the four groups of deaf students were significantly different in average reading ability, F(3, 76) = 209.27, p = .0001. The subsequent post hoc analyses for multiple comparisons showed that all groups were significantly different from each other, using Fisher's Protected Least Significant Difference (PLSD) critical difference = .319, p = .0001. Table 1 provides the number of students, gender, and reading grade level ranges per group, as well as the means for age and dB loss.
Test Materials
The test materials were modeled after those described in the research of Lewis and Mayer (1987) and Lewis (1989) . A test booklet consisted of an instruction cover sheet with a place to write the student's name and start and finish times. The instruction page with an example worked out was followed by 15 sheets of 8.5 × 11 inch paper with one arithmetic problem per sheet. Sufficient room was provided on each page for students to write and show all their calculation steps in solving the problem. Seven filler problems appeared in the same order in all test booklets as problems numbered 1, 4, 7, 10, 13, 14, and 15. An example of a filler problem is this: A bus driver drove for 5 hours at 55 miles per hour and for 8 hours at 65 miles per hour. How far did the bus driver drive? The purpose of the filler problems was to provide variation in the types of problems the students were solving.
Eight target arithmetic compare word problems were randomly ordered and always presented as problems numbered 2, 3, 5, 6, 8, 9, 11, and 12 in four versions of the test booklet. Each target problem contained two steps: (1) a compare problem as the initial step and (2) a direct variation as the second step. The compare step for each of the eight target problems corresponded to eight problem types representing four relational statements consistent with the arithmetic operation and four relational statements not consistent with the arithmetic operation:
1a. addition consistent (e.g., requires adding two numbers and the problem says more); 1b. addition inconsistent (e.g., requires adding two numbers and the problem says less); 2a. subtraction consistent (e.g., requires subtracting the second number from the first and the problem says less); 2b. subtraction inconsistent (e.g., requires subtracting the second number from the first and the problem says more); 3a. multiplication consistent (e.g., requires multiplication of two numbers and the problem says n times as many); 3b. multiplication inconsistent (e.g., requires multiplication of two numbers and the problem says 1/n as many); 4a. division consistent (e.g., requires division of two numbers and the problem says 1/n as many); and 4b. division inconsistent (e.g., requires division of two numbers and the problem says n times as many) Four cover stories were generated for each of the above target arithmetic word problem types for a total of 32 (4 cover stories × 8 target problems). This assured that eight different cover stories would be used for the eight target problems in each of the four versions of the test materials. The four test versions were developed to eliminate bias of word problem stories and to assure that students seated in a class taking the test could not look at a neighbor's test booklet and see the same problems. Table 2 provides an example of the eight different arithmetic word problem types generated within two of the eight cover stories. Additionally, Table 2 indicates the inconsistent word problem types that have marked negative terms in the relational statements (those more complex and difficult to comprehend) and the problem types with unmarked positive terms (those less complex and easier to comprehend).
Each cover story consisted of three sentences and had an average length of 31.6 words. Sentence length ranged from 28 to 34 words per problem. The average grade level readability of the text per problem was 3.6 and ranged from 3.2 to 5.4 for the 32 problems (4 cover stories × 8 target problems) that were randomly assigned to the four versions of the test materials. Readability levels were measured using the new Dale-Chall readability formula (Chall & Dale, 1995) . The compare word problems in this study were all within the measured reading ability of the participating students.
Procedures
Students were tested within class groupings (nine different course sections) ranging in enrollment from 7 to Relational Language in Compare Problems 125 13. The instructions gave them 45 minutes to complete all 15 arithmetic word problems (8 target compare types and 7 filler problems). The students were instructed to show all of their calculations for solving each problem. An example problem was provided on the instruction sheet to illustrate two ways the students might choose to show all of the procedural steps for how they solved the problem.
Following the procedure of Lewis and Mayer (1987) , each solution was scored as correct if the proper numerical answer and procedural steps were given. If not, the solution was scored as one of the following errors:
1. RE: a representation error where the numerical operation of the initial step was reversed (i.e., addition for subtraction, subtraction for addition, multiplication for division, and division for multiplication).
2. AE: the computation was incorrect in one or both of the procedural steps.
3. GME: where one of the two procedural steps was omitted.
The scoring procedures of this study differ from those of Lewis and Mayer (1987) in that multiple errors (i.e., combinations of RE, AE, and GME) were scored separately. The reason for this is that counting combinations of multiple errors as two or three incorrect responses would have distorted the results because the combined total of correct responses and the scoring of multiple errors would be more than the number of possible responses. Thus, multiple errors were counted only once. Also, when students left a problem blank, we counted it as a separate category. The multiple-error and blank categories expand the scoring procedures of Lewis and Mayer, but this was necessary to reflect accurately the reasons for incorrect answers.
Results
There were 616 written solutions generated by the participating deaf students for the target compare word problems (80 students × 8 problem types = 640 -24 to correct for problems left blank). Of these 616 completed written solutions, there were 232 correct responses (37.7%), 111 REs (18.0%), 13 AEs (2.1%), 183 GMEs (29.7%), and 77 (12.5%) multiple-error combinations.
Twenty-four problems were left blank (3.8% of the 640 total possible written solutions).
Performance With Consistent Versus Inconsistent Relational Statements
Overall, the participating deaf students, regardless of reading ability level, correctly solved more consistent word problems (M = 2.1, SD = 1.5) than inconsistent word problems (M = .9, SD = 1.1). This difference was statistically significant, paired t = 9.34, df = 79, p = .0001. Thus, the participating deaf students, regardless of reading level, were more likely to miscomprehend relational statements in inconsistent problems than in consistent word problems.
Further analysis showed that the deaf students within each of the four reading levels in this study also performed better with the consistent word problems than with the inconsistent word problems. Table 3 provides the mean correct scores and standard deviations of each of the four reading level groups of deaf students for consistent and inconsistent problems. A 4 (four reading groups) × 2 (consistent vs. inconsistent) ANOVA for repeated measures showed statistically significant differences among the four reading groups, F(3, 76) = 14.45, p = .0001, and better performance with the consistent problems than with the inconsistent problems, F(1, 76) = 84.25, p = .0001. There was no interaction effect between the four reading groups by consistent versus inconsistent problem types, F(3, 76) =.86, p = .4643. The lack of an interaction between the reading groups and repeated measures main effects indicates that all four reading levels of deaf students performed in a similar pattern with respect to the consistent versus inconsistent word problems.
Furthermore, the deaf college students also showed clear differences in number of correct responses and types of errors produced relative to their reading ability levels. In addition to all reading groups performing better when solving consistent word problems, Table 3 shows that their mean scores improved as reading grade levels increased. The difference in mean scores between reading groups was statistically significant for both consistent problems, F(3, 76) = 10.54, p = .0001, and inconsistent problems, F(3, 76) = 11.87, p = .0001. Post hoc comparisons using Fisher's PLSD showed that for consistent word problems, the lowest reading level group performed significantly differently from all three other groups, and the highest group was significantly different from the lower middle group. For inconsistent problems, all groups differed significantly from one another.
The deaf college students' percentages of correct responses and types of errors are presented in Table 4 for consistent problems and in Table 5 for inconsistent problems. The percentage of correct responses improved along with the increase in reading ability levels in both tables. In these two tables, one may see that REs are not evident in consistent problems but are prevalent in inconsistent problems across all reading ability levels. Regardless of reading ability level, the deaf students showed a high percentage of REs for inconsistent problems. As shown in Table 5 , based on the total number of responses generated by the students in each reading level, the percentage of REs was 35% for the highest reading group (9.1-12.0), 36.0% for the eighth grade range reading group, and 38.2% for the seventh grade reading range group. One apparent anomaly in Table 5 shows that the lowest reading group had the fewest REs. However, this is explained by the fact that the lowest reading group had the highest percentage of multiple Relational Language in Compare Problems 127 errors with inconsistent word problems (34.6%) and, of these, 83% involved REs and GMEs. Finally, GMEs were common in both consistent and inconsistent problems but declined as reading ability levels increased. For test-taking time, there was no statistically significant difference between any of the four reading groups, F(3, 74) = 1.96, p = .13, and the average amount of time from when the students started the test booklets to the time they individually handed them back to the instructor. Also, there were no significant effects for the four test booklet versions and the pilot test version for either the consistent problems, F(4, 89) = .85, p = .49, or the inconsistent problems, F(4, 89) = .82, p = .52.
The Influence of Lexical Markers in Inconsistent Statements
With regard to lexical markers, overall, the deaf students produced more REs with inconsistent word problems that had marked term relational statements than for inconsistent problems with unmarked terms. Table  6 compares the percentage of REs for inconsistent word problems with marked and unmarked relational statements as well as the percentage of correct responses generated by the deaf students under those two conditions (for other types of errors generated for inconsistent word problems, see Table 5 ). The results show that the deaf college students generated about 2.5 times the number of correct answers for inconsistent problems when the relational lexical term was unmarked (M = .60, SD = .74) as compared to marked (M = .25, SD = .52). This difference was statistically significant, paired t = -5.06, df = 79, p = .0001. Thus, lexical markers in the relational statements of inconsistent word problems do affect the problem-solving performance of deaf college students.
Further analysis showed a clear relationship between the deaf college students' reading level and their mean performance for correctly solving inconsistent word problems when the lexical marker of the relational statement was marked or unmarked. Table 7 compares the mean number of problems solved correctly under the inconsistent condition when the lexical marker is marked (more complex, more difficult to process in memory) as compared to unmarked (less complex, easier to process in memory). There was a statistically significant difference between reading ability levels for both the unmarked condition, F(3, 76) = 13.04, p = .0001, and the marked condition, F(3, 76) = 4.56, p = .005. Post hoc comparisons using Fisher's PLSD showed that each reading level group was significantly different from the others for both marked and unmarked conditions. To gauge the importance of this finding that deaf students had significantly more correct responses under the unmarked condition than the marked condition, we calculated a measure of effect size (Cohen, 1977) for each reading group. The two higher reading groups showed larger effect sizes (highest level = .83; higher middle level = 1.04) in comparison to the two lower reading groups (lower middle level = .53; lowest level = .25), suggesting that lexical marker have a stronger effect size for deaf students who are better readers.
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Discussion
The findings of this study apply only to the comprehension of arithmetic compare word problems containing relational statements. This study did not address other components of problem solving, other types of arithmetic word problems, or other types of statements in word problems. The three research questions for this study are addressed individually.
Is the Consistency Hypothesis for Relational Statements in Compare Arithmetic Word Problems Operational for Deaf College Students?
The results of this study support the consistency hypothesis proposed by Lewis and Mayer (1987) . The findings show that deaf students perform differently when the relational statements of compare word problems are consistent or inconsistent with the arithmetic operation required for the correct solution. Their comprehension and resulting problem-solving performance is better with relational statements consistent with the required arithmetic operation. Conversely, they have poorer comprehension and problem-solving performance with inconsistent relational statements. Their incorrect answers were due, in part, to an increase in REs.
Is the Effect of Reversal Errors for Inconsistent Problems Magnified for Deaf College Students When the Lexical Marker of the Relational Statement Is a Marked Negative Term Rather Than an Unmarked Positive Term?
The findings show that the nuance of lexical markers in inconsistent relational statements influences comprehension by deaf students. The REs of the deaf students when solving compare word problems with inconsistent relational statements are magnified when a marked term is included. In contrast, the deaf students show relatively better comprehension and problem-solving performance with inconsistent word problems when the relational statement includes an unmarked positive adjective. This finding is contrary to our original working hypothesis that lexical markers would not affect deaf students' performance for solving inconsistent word problems; the expectation was they would not do as well overall with the inconsistent relational statements due to their English-language difficulties. Unmarked positive terms in the inconsistent relational statements appear to be less confusing to the deaf subjects in this study. In contrast, the marked (negative) terms in inconsistent relational statements appear to be more confusing, perhaps due to the "double negative" nature of this condition. That is, a negative term and an inconsistent relation to the arithmetic operation may place more of a cognitive demand on their comprehension processing.
Is the Reading Ability Level of Deaf College Students a Factor in the Number of Errors They Make When Solving Consistent and Inconsistent Arithmetic Compare Word Problems?
Reading ability levels were clearly associated with all but one of the types of errors generated by the deaf students under all experimental conditions. Overall, the deaf students' mean correct scores improved relative to reading level for both consistent and inconsistent word problems. Similarly, the mean correct scores improved for deaf students as their reading ability grade levels increased for problems involving both marked and unmarked relational terms under the inconsistent word problem condition. As reading grade levels increased for the deaf students, there was a corresponding decrease in number of GMEs, multiple errors, and problems left blank. Surprisingly, reading ability level did not appear to be a factor with respect to generating REs. Regardless of reading level, deaf students persistently showed a high percentage of REs when solving compare word problems with relational statements inconsistent with the arithmetic function required for a correct solution. Reversal errors did not decrease as reading ability level increased. In fact, the highest reading group (M = 10.2, reading range = 9.1-12.0) had a 35% RE rate for the total number of responses they generated under the inconsistent word problem condition. Given that the number of correct responses and other types of errors examined in this study do show a relationship to reading ability level, this finding indicates the need for additional research to explain this anomaly. Perhaps the deaf students in this study were using rote comprehension strategies (e.g., the word more means addition, less means subtraction, times means multiplication, and 1/n means division) rather than comprehending the contextual compare relationships of the problem variables. As documented, deaf college students persist in using rote application of previously learned rules for identifying main ideas of text materials. Such persistence of deaf students in relying on previously taught superficial and ineffective comprehension strategies while ignoring the relational context is counterproductive to mature analytical thinking.
The hearing students in the Lewis and Mayer (1987) study were described as typical college undergraduate students in baccalaureate degree programs. In contrast, all the deaf students in this study were in subbaccalaureate degree programs. Only the deaf students in the highest reading level group (reading range = 9.1-12.0) are typical of deaf students who go on to complete baccalaureate degrees. The other deaf students in this study with lower reading ability levels generally complete 2-year associate degrees or certificate and diploma programs. As it is important that instructors who work with deaf college students have a perspective on how they compare to typical college students, a brief comparison seems appropriate between the highest reading group of deaf students in this study and the hearing students in the study replicated. Several differences are indicated in terms of the magnitude of errors generated. First, the better deaf readers made 35% REs under the inconsistent compare condition in contrast to 6.9% REs made by the hearing students. Second, the deaf students produced GMEs at the rate of 13.3% for consistent word problems and 8.2% for inconsistent word problems, while the hearing students' total GME rate was less than 1%. Additional research on the performance of deaf and hearing students with comparable reading skills may increase our understanding of the factors contributing to successful solutions of compare arithmetic problems.
One plausible explanation for the difference in magnitude between deaf and hearing students for REs and GMEs might be related to language automatization and working memory constraints. According to Bebko's interpretation (1998) , "if language skills are not additionally automatized beyond what is required for early reading skills, then the total mental effort associated with the increased linguistic loading, and the additional content requirements of the reading, will exceed the individual's processing resources" (pp. 12-13). In other words, if deaf readers have not automatized the basic syntax and other related language reading skills, then their cognitive resources will be required to process at this level. As a result, there will be less working memory and cognitive capacity available to address problem-solving tasks such as goal monitoring.
This view may lead some to believe that the necessary language comprehension skills should be developed prior to introducing deaf students to such word problems. Rather, careful selection of word problem types should be accompanied by effective instruction that progressively challenges the student. This would contribute to the development of the cognitive and linguistic resources to automatize text in authentic contexts.
Another interpretation of these results might suggest that the compare word problems with inconsistent relational statements are just poorly written questions, and the problem lies in the skills of the question writer rather than the reader. The fact is that deaf students will face these types of questions in mathematical word problems, as well as in other texts in school or in their careers. Students will need to be exposed to a variety of question types to develop the ability to interpret both clear and confusing language.
This ability to interpret language also includes identifying the goal or purpose of a problem as well as all relevant information. Based on the findings of this study with postsecondary deaf students, a primary concern of K-12 and postsecondary educators should be the high rate of GMEs. The two-step compare word problems consisted only of three sentences. They were written with an average reading grade level of 3.6-clearly within the measured reading ability levels of all the deaf students participating in this study. To leave one of two steps out in such problems suggests carelessness, lack of focus, and perhaps lack of practice in organizing the relevant relational information from these types of compare word problems. These problems may all be addressed with appropriate instructional emphases combined with sustained practice.
How should teachers address the types of errors identified in this study? Lewis (1989) has shown that a training program of translation and integration may be effective in improving the performance of hearing students with problems containing relational statements. Basing instruction on a cognitive analysis of students' prior knowledge and representation strategies may also prove helpful. Glover, Ronning, and Bruning (1990) encourage formal instruction to provide learners with organizational focus and ways to relate knowledge to problem solving and to give students practice in problem representation. Teachers should emphasize the use of analogies to understand problem situations and practice problem representation and re-representation, especially with ill-defined problems. There is some evidence that problem-solving skills of deaf students may be enhanced through teaching problem-solving strategies (Mousley & Kelly, 1998) and cognitive strategy instruction (Martin, Craft, & Sheng, 2001 ). Mousley and Kelly examined the potential of strategy instruction to improve the problem-solving performance of deaf students. Teacher modeling with regard to analyzing all information available and explaining answers while solving algebra problems led to improved performance of the experimental group. The control group that did not receive strategy instruction showed no such improvement in performance. Martin, Craft, and Sheng provided special training to teachers in three countries and found that the deaf students in all three countries improved in reasoning and in devising real-world problem solutions involving critical thinking.
In their work with hearing students, Lewis and Mayer (1987) also emphasized that the results of their study "provide consistent evidence concerning the role of problem representation as a key component in mathematical problem solving" (p. 370). In a national survey to study problem-solving instructional strategies used by teachers of deaf students in schools for the deaf and mainstream programs, Kelly, Lang, and Pagliaro (2003) found that little emphasis is being placed on problem representation. Thus, research on representation as well as other elements of "true problem solving" may provide further rationale for recommending specific instructional practices.
Recommendations
The REs and GMEs exhibited by deaf students in solving compare word problems should certainly be amenable to correction through a concerted effort by teachers from elementary level grades through high school, as well as at the postsecondary level. The following are our recommendations.
1. Deaf students should receive instruction and practice with a variety of representation strategies (e.g., written and graphic representation of problems). Quick-fix, superficial strategies to help deaf students with comprehension of text should be avoided to minimize overdependence on limited-use strategies.
2. Deaf students should receive instruction and practice with multiple-step problems, including how to divide a problem into subparts (two or more procedural operations) and account for all the relevant information needed to solve the problem.
3. Teachers should provide increasingly complex compare problems with a variety of comparative language structures.
4. Deaf students should receive structured learning beyond the mathematics classroom to learn comparative language that does not occur frequently enough in natural language input for them to learn inductively (e.g., either . . . or, neither . . . nor, if x . . . then y, more than, less than, and myriad others (see McAnally et al., 1994; Zevenbergen et al., in press ). Dialogue and conversations in the classroom need to be carefully structured to enable students to practice and acquire such comparative language (see Wells, 1999) . Collaborations among mathematics and English teachers in planning such instruction may be helpful.
5. Deaf students should receive instruction and practice in developing strategies to evaluate the reasonableness of their plans and solutions relative to specific word problem parameters. Reflective evaluation should be built into all problem-solving lessons.
Effective pedagogy includes teaching deaf students analytical strategies and providing sufficient practice with multiple variations of a problem type, in this case the language in relational statements. Knowledge derived from research, such as the findings from this study, need to be incorporated into both teacher education programs and professional development for current teachers in order that an appropriate set of problemsolving experiences may be provided to deaf students across all grade levels. Additional research on other mathematical word problem types will enhance our understanding of the emphases needed in instruction and curriculum development. Building such a bridge between research and practice may make a difference in the academic achievement of deaf learners and their readiness for postsecondary study.
